Abstract. The industrial robots and manipulators are full-value, irretrievable part of automation production in many fields of industry today. They are often used as manipulators in manufacturing work cells or they are used as a technological device e.g. at welding operations. Motion of individual parts of such mechanical system has to be controlled so to be satisfied all tasks in required precision. The article deals with the preliminary study of robot motion and the definition of actuators in individual joints of robot, which end effector is linked to the curve. When the dependency of acceleration on time or on the position of drive member is known, it is possible to define the forces reactions, axial and radial moments in individual joints of robot related to the selected coordinate system. The robot behavior was simulated by means of software PTC Creo.
Introduction
The industrial robots and manipulators are full-value, irretrievable part of automation production and non-productive process in many fields of industry today. They are characterized as electromechanical system with higher level of integrated electronics, which is able to take, to transmit, to machine or to assembly the subjects. [2] They must satisfy the requirements for the smooth start and deceleration, high of positioning accuracy, adequate toughness, etc. The goal of these requirements is to provide: the high positioning accuracy, smooth, unshock running of manipulating and technological activities. Motion of individual parts of these mechanical systems has to be controlled so to be satisfied all tasks in required precision. [1] Nowadays industrial robotics represents a key technology for flexible and reconfigurable manufacturing systems and is widely adopt to perform several industrial tasks e.g. material handling, welding, assembly, spray painting or glazing, and machine tending. [1] However, just 3% ÷4% of the overall number of industrial robots is employed for mechanical machining. [2] Such field of application is traditionally covered by very expensive and rigid systems as machining centres. With respect to such manufacturing technologies, industrial robots provide superior dexterity, higher flexibility, reconfigurability and better cost effectiveness but still lack in absolute accuracy and mechanical stiffness [3] , [4] . Thanks to robust mechanical design methods, advanced controllers, novel simulation technologies, industrial robots offer enhanced performance to quickly bridge the gap against state-of-the-art tool machines, for an effective use in machining.
Trajectory Planning
Generally, the mechanical system is dynamical system which covers the motion or the transformation of moments and forces. It is necessary to define the drive unit, which serves for input (primary) energy conversion to mechanical motion, to actuate of robotic mechanism. The actuators are located at the axis of individual kinematics couples of robot. [2] The relation between the driving motor and operating mechanism describes the equation of motion, which mathematically describes the relationship between forces (moments) effected on mechanical subsystem and kinematics magnitudes (position, velocity, acceleration) defining the originated motion. The forces and moments generated by actuators must be monitored to assure that they are ample to sustain the prescribed motion. Knowledge of forces and moments is required for force-controlled motion as well as the estimation of power and energy requirements.
All of the robot motion may be viewed as trajectory planning that begins with the planning of an allowable, desirable, as well as possible path on which some characteristic point of the end-effector reference frame is to travel. With the determination of the robot variables that will yield the desired world path deals part of mechanics so called inverse kinematics. Its objective is the calculation of successive values of the robot variables required to maintain a specified trajectory and orientation of an object. For example, an object might have to be kept level while being transported from one point to another along some curve, as it is at the repeated motion in the technological workcell.
Trajectory planning refers to the planning of a sequence of world points (x(t), y(t), z(t)) to be occupied by the end effector of the robot and the planning of a sequence of values to be taken on by a specific joint variable ξ i . Once we have dealt with the coordinate inversion problem, we have the essential tool for the planning of robot motion, since we are now able to describe its motion either in terms of the world coordinates or the robot coordinates. The use of world variables in describing the motion allows easy visualization of the motion in terms of some characteristic point on the robot. However, since actual control is usually carried out in terms of the robot variables, a coordinate inversion is required in effecting control.
Let a robot-manipulator consists of n ordered links and joints, beginning with joint 0 as the connection to the base reference frame (0xyz) 0 . The joints are numbered consecutively with a reference frame (0xyz) i at each joint (Figure 2b ). The last reference frame (0xyz) n is located at the tool point E. For an n-axis robot there is a vector of n robot variables ξ = (ξ l ... ξ n ) T , a particular choice of which yields the object position and orientation designated by w = (x y z α βγ) T , where α, β and γ may be taken to be Eulerian angles for a reference frame with origin at (x, y, z) and embedded in the body. Formally, then, we may view the robot as a mapping [5, 6, 7] f( . ): n →
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(1) such that f (ξ) = w.
(2) For the forward kinematics a choice of ξ yielded a corresponding world position and orientation w.
Given a trajectory w(t) in
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, the determination of a trajectory ξ(t) in n such that f (ξ(t)) = w(t) (3) is called the inverse kinematics problem for a specified manipulator. Expressed in terms of the forward kinematics of a manipulator, we have the equation [5] r 0 (t) = H n (ξ(t)) r n (t) (4) relating the position of a point with respect to (0xyz) n to its position with respect to the base reference frame. When planning the robot´s motion, it is common to specify the hand matrix H of the robot, H(w(t)), as a function of time characterizing the position and orientation of the end effector. A specified hand matrix is then maintained with H n (ξ(t)) = H(w(t)) (5) and the entries of H n are to be determined as a function of the entries of H; in essence, we attempt to calculate ξ(w(t)). [5] Since H n will differ from robot to robot, the solution of the inverse problem will generally require different approaches. Depending on the complexity of the robot configuration, this is often one of the most difficult aspects in the provision of a real-time response to the robot´s sensory inputs. Closed form solutions to this problem will allow a considerably faster response than those obtained in some segmented fashion. For most practical manipulators such closed form solutions have been obtained.
Obviously, constraints may be imposed on either set of variables. Points w in space may be inaccessible because of obstructions; conversely, design restrictions on the robot variables ξ may result in corresponding limitations of the work space. In the end, however, once a feasible trajectory w(t) has been provided, the task consists of the determination of the corresponding ξ(t).
Specification of Robot Actuators Preliminary Study
The manufacturing cell is suitable to design in virtual condition and to simulate the process before its introduction into the production. The simulation model allows to realize the complex processes through the use of computer in a while, which take weeks, months, or years in real time, and it represents the ideal tool for the aid and the deciding on the various levels of the manufacturing. This model allows identifying of the problematical points of the project, to determine the main risks of work, etc., too. [8] The preliminary study of actuators and theirspecification in individual joints was applied on the robot IRB 140 that operates as a manipulator in a workcell for the gears production. see Figure 1 . When robot IRB 140 operates in technological workcell, it moves so that its end effector (point E in Figure 2b ) follows specific curve as a path described during manipulation.
To move the end effector according to specific path, it is neccessary to define servomotors and actuators in individual joints of the robot. The common characteristic for themis kinematic value acceleration. It was investigated in all five joints of robot IRB 140, end effector of which is fixed to specify curve. Obtained dependences of accelerations on time for each joint presented in the Figure 3 can be backward used at the controlling of robot motion in the real conditions. Consequently based on obtained acceleration dependencies it is possible to specify dynamic characteristics of the robot motionusing simulation software PTC Creo, such are: forces reactions, axial and radial moments in individual joints related to the selected coordinate system. The example of the axial moment dependency on time for the motion axis5 (numbered according to the angular position shown in Figure 2 ) is plotted in Figure 4 . 
Summary
The evolution in the computer technology was the "milestone" for the work enhancement of designers, constructers and technologists. The computer modelling has become very strong and effective instrument, which enables not only to create the model in virtual three-dimensional space, but it permits to visualise the running of model in time interval with the possibility of the various external influences testing. The utilization of 3D models at the simulation of real situation is attached in all industry fields. Computer simulation is at the present time often used tool for analysis of problems in industry. Basic principle is representation of the real object by the simulation model and following tests of the reactions in simulation model. [9, 10] The results of the simulation experiments are backward applied into real object for improving its properties. Using the simulation would be more effective if the simulation system becomes the part of the software equipment of industry enterprises. As a part of this equipment the simulation can be used for analyzing of performance characteristic, for predicting of future states of industry systems on the base of a current state and control rules. The geometry created inside 3D CAD system can be used not for only the simulation, but for the various types of analysis, technological calculations and for the NC program generating, too. It is whereby the production becomes more effectively from the view of time and economy.
